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Summary
Introduction: Exhaustive biometric data of the talus and the navicular bones have not been
reported in the classical anatomy treatises.
Hypothesis: The radiographic measurements, being variable according to the X-ray beam incli-
nation, have no real value. This biometric analysis aimed to specify the characteristics of the
constitutive bone components of the talonavicular joint.
Material and methods: This anatomic study investigated the biometry of the talus and the
navicular bones separated from anatomic specimens with no previous disease history from
adult subjects whose sex was unknown. It was completed by in situ dissection and evalua-
tion of talonavicular and talocalcaneal joints conducted to gain an understanding of the bone
specimens in three dimensions. The measurements were taken using a highly precise measur-
ing tape and a comparator providing the length and the width of the articular surfaces. The
comparator determined the surface pattern and the radii of curvature in the two main axes.
Results: The results emphasize the variations in the bone specimens. Three morphotypes
emerged, which had never been identiﬁed before.
Discussion and conclusion: These biometric data make up a database designed to improve clini-
cal exploration. They can be used as landmarks for fundamental comparative research between
he hiall the bone structures of t
pathological conditions and a re
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Introduction
The talus is the bone connecting the tibial pilon and the foot,
with three-dimensional mechanical imperatives. Its role as
a constitutive component of the medial arch of the foot is
currently under debate. Although some authors refer to the
talus as the keystone of this arch, others refute this role,
allocating it to the navicular [1—4]. Better knowledge of
the joint components increases the comprehension of static
disorders of the foot and thus improves their management.
The objectives of this study were to determine the morphol-
ogy of the bony components of the talonavicular joint at the
root of the mechanical behaviour of the foot’s medial arch
responsible for static disorders.
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Figure 1 Angle measurement method. A. Declination angle (body
angle in the sagittal plane). C. Rotation angle.
Figure 2 Measurement of the surface pattern of the articular surfa
comparator. A. Main oblique axis. B. Secondary axis.S67
aterial and methods
he present study entailed observation and measurement
f 40 individual taluses and 35 naviculars (dry bone) from
dult subjects from the anatomy laboratory whose sex was
nknown, who had no lesions apparent on macroscopic
xamination of the bony structures and with no scars that
ould suggest traumatic lesions. The analysis was com-
leted by dissection and evaluation in the anatomic position
f the joints of the hindfoot including the talus, the cal-
aneus, the navicular, and the cuboid so as to determine
he lengths and measure the true axes between the talus,
he calcaneus, and the navicular. This was a study on bony
egments and anatomic specimens of laboratory subjects
-neck-head horizontal angle). B. Inclination angle (body-head
ce of a navicular bone according to its two axes using a speciﬁc
S68 F. Bonnel et al.
Figure 3 Comparative study of the talar head (A) and the posterolateral plantar articular surface (B) of the same talus.
Figure 4 A. The two large types of inclination angles of the talar head. B. The types of declination angle of the talus, angle
directed laterally, angle directed neutrally, angle directed medially. C. Example of a horizontal view of a talus with the angle
directed laterally and the arrangement of the bone trabeculae of the neck and head.
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preserved in a mixture of formol-, alcohol-, and glycerin-
based liquid and dissected with the objective of harvesting
the bones of the hindfoot.
The calcaneocuboid joint was not taken into consider-
ation in this study. The arrangement of the ligaments was
noted but none were measured.
For the talus, the inclination angle (body-neck-head
sagittal angle), the declination angle (body-head-angle in
the horizontal plane), and the rotation angle were analysed.
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Figure 6 Examples of a navicular with different radii of curvature
(B).torque angle of the talus.
he talar rotation angle was measured along the anteropos-
erior axis in relation to the horizontal plane of the articular
urface of the talus (Fig. 1A, B). For each surface of the
alonavicular joint space, the length of their largest axis
as measured. The surface pattern and the radius of cur-
ature of the joint surfaces were measured using a speciﬁc
omparator (Fig. 2A, B). For each talus, the main radius of
urvature of the talar head was compared to its posterolat-
ral plantar joint surface (Fig. 3).
(A) and identical radii of curvature depending on the two axes
S70 F. Bonnel et al.
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ligament with ﬁbers at 45◦, a true rotational stabilization
ligament.
Table 1 Results of inclination, declination, and rotation
angles for 40 taluses (Fig. 5). The results demonstrate mul-
tiple individual variations. No correlation between the three
angles was found.
Talus n = 40 Inclination angle: mean (range)a
n = 31 95◦ ± 6 (89—105)
n = 9 115◦ ± 4 (111—119)
Talus n = 40 Declination angle: mean (range)b
n = 29 Medial +30◦ ± 3 (27—33)
n = 7 Sagittal 0◦ ± 2 (−2 to + 3)
n = 4 Lateral −20◦ ± 2 (18—22)
Talus n = 40 Torsion: mean (range)c
n = 28 35◦ ± 6 (29—41)
n = 8 50◦ ± 3 (47—53)
n = 4 20◦ ± 2 (18—22)
a The inclination angle shows two main types of talus: one is
more frequent with a mean angle of 115◦ and the other lessigure 7 Result of the measurement of a talus with the radiu
lantar articular surface (B).
The assessment criteria were based on manual mea-
urements with a measuring tape using a precision caliper
uler. A comparator was used to measure the surface pat-
ern and the radius of curvature. The comparator data
ere transcribed on millimetre graph paper, allowing mea-
urement of the radius of curvature using the classical
ethod by drawing three parallel lines at the summit of
he curve and the perpendicular line at each right angle,
hich by cross-checking determined the radius expressed in
illimetres.
The measurement methods were based on a digital pho-
ograph transferred into Adobe Photoshop software. The
mages were converted to DICOM format using Intrasense
yrian image software, which measured the angles. The
oftware’s measurement tools were speciﬁc for measuring
ngles without projection and therefore without enlarge-
ent. This measurement was completed using a protractor
or manual measurement. Each measurement was taken
hree times several days apart by another observer; the
ifference was on the order of 1mm and 1◦, which was con-
idered valid given the low values found. The reliability of
he measurements was facilitated by the presence of marks
n the anatomic specimens measured.
easurement results
he results are presented in Tables 1—4.
ngle variations
he inclination angles varied with a mean predominant
ngle of 95◦. For the talus, an inclination angle less than 95◦
redisposed to pes cavus with an accentuated medial arch.
he declination and rotation angles demonstrated three
ypes (Table 1A—C; Fig. 4A—C, Fig. 5). The pure sagittal
irection of the declination angle (0◦) and the lateral direc-
ion (−20◦) was a factor in subtalar and talonavicular joint
tability. A +30◦ angle resulted in a misaligned talar headcurvature of the talar head (A) compared to its posterolateral
hose stability was maintained by other factors along with
alocalcaneal divergence and the difference in the length
f the articular surfaces in contact. A high rotation angle
as a factor of rotational stress, which was distributed
etween the body and the head of the talus, requiring
hat the ligament and musculoaponeurotic structures
aintain stability. The role played by the calcaneocuboid
oint could be considered like the Y- or V-shaped bifurcatefrequent with a mean angle of 95◦.
b Three types of talus are demonstrated with the declination
angle.
c Three types of talus exist for torsion.
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Table 2 Results of the surface pattern and the radius of
curvature for 40 taluses (dry bones).
Talus n = 40 Mean± SD (range)
Surface pattern Main axis 40mm ± (33—48mm)
Perpendicular
axis
26mm ± (25—28mm)
Radius of curvature Main axis 16mm ± (15—18mm)
Perpendicular
axis
14 mm ± (13—15mm)
Table 3 Results of the surface pattern and the radius of
curvature for 35 naviculars (dry bone).
Navicular
n = 35
Mean± SD (range)
Surface pattern
n = 33 Main axis 28mm ± 4 (24—32mm)
Perpendicular axis 22mm ± 2 (20—30mm)
n = 2 Main axis 22mm ± 1 (21—23mm)
Perpendicular axis 22mm ± 1 (21—23mm)
Radius of curvature
n = 33 Main axis 23mm ± 4 (19—25mm)
Perpendicular axis 12mm ± 2 (10—14mm)
n = 2 Main axis 23mm ± 1 (22—24mm)
Perpendicular axis 23mm ± 1 (22—24mm)
This table demonstrates two broad groups of naviculars, the
largest with different surface patterns and radii of curvature
Figure 8 A. Arrangement of the main oblique axis of the talar
and navicular head on a continuous anatomic joint specimen;
note the true obliquity of the articular surfaces. B. Posterior
view of the articular surfaces of the navicular and the cuboid
with presence of an accessory navicular bone in the inferome-
d
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w(n = 33) and two identical (n = 2).
Variations of the radii of curvature and the surface
patterns
The results of the surface pattern and the radius of curvature
measurements for 40 taluses conﬁrmed that the articular
surfaces were asymmetrical, in accordance with the joint
classiﬁcation (Tables 2 and 3; Figs. 6A, B, 7 and 8A, B). Clear-
ance for mobility predominated in the horizontal plane.
The differences noted between the surface pattern and the
radius of curvature of the navicular compared to the talus
allowed functional adaptation of the medial arch. The joint
surface measurements of the navicular conﬁrm its condylar
type (ellipsoid). The main oblique axis of the navicular in
its medial and plantar parts with a large radius of curva-
ture was found with a bony tubercle of the posterior tibial
tendon located in the medial plantar quadrant, which has a
dynamic supination function.
Table 4 Biometric results of length of 70 taluses and cal-
canei based on continuous anatomic specimens (Fig. 9A, B).
70 specimens Talus Calcaneus
Length (cm) 6.12 ± 0.27 8.8 ± 0.10
Width (cm) 4.26 ± 0.31 3.2 ± 0.10
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uial quadrant, which gives insertion to ﬁbers of the posterior
ibial tendon.
The variations of the talar surface pattern with a high
tandard deviation between the two axes demonstrated a
ide range in the range of motion. The highest radius of cur-
ature was correlated with the largest surface pattern. An
dentical radius of curvature of the talus head and the pos-
erolateral plantar articular surface of the same talus was a
undamental, logical factor in the transmission of rotational
tresses. This similarity of the radii of curvature was within
he functional rotational continuity of the inverted double
rochoid of the subtalar joint. A different radius of curva-
ure led to excessive stress at the neck, source of a risk of
tress fracture. The rotational angle was an indispensable
daptive factor for the same bone structure.
A small difference in the radii of curvature of the navic-
lar in the two planes with an identical radius of curvature
S72 F. Bonnel et al.
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sigure 9 Visualization of three types of talar length in relati
o the calcaneus. In type III, there is maximum instability of th
eant a high level of adaptability of the ﬁrst ﬁxed point
f the coxa pedis and better distribution of stresses [4].
nalysis of the talonavicular articular surfaces with continu-
us cartilage shows the same biometric values with greater
recision because of the presence of cartilage. The funda-
ental point of this analysis was the distinction of three
orphological types depending on the talocalcaneal joint
ongruence with a potentially more or less stable talar head.
uring growth, a complex joint formed around the talar head
uch as a deformed spheroid joint (Pisani’s coxa pedis) [5].
his was fundamental in the closing mechanisms (locking
ever arms) and the opening mechanisms (adaptation) of
oot and pelvis kinematic chains in terms of coordination
nd transmission.
ength and width asymmetry between the talus
nd the calcaneus
he length of the talus compared to the calcaneus demon-
trated three types: type I with an identical joint length,
ype II with the length of the talus exceeding the width by
t least 1 cm compared to the calcaneus, and type III with a
alus length greater than or equal to 2 cm (Table 4; Fig. 9).
n types II and III, this difference was compensated by the
ontact of the anterior plantar surface of the talus with the
alcaneonavicular ligament and its glenoid ﬁbrocartilage,
roviding an additional possibility for stability and mobil-
ty during gait. The width of the sustentaculum tali of the
alcaneus was a mean 1.5 cm. The width of the talus was
ess so as to adapt to the calcaneal surface. This difference
n talar width was compensated by its continuity with the
avicular bone, which conﬁrms that the talus is the trans-
ission bone for the medial and lateral parts. The absence
f the two arches would result in a talus bone with identical
alar and calcaneal width.
t
b
t
othe calcaneus; note the position of the talar head in relation
dial arch.
iscussion
ata from the literature
re the classical anatomical data sufﬁciently informative on
he factors predisposing to static disorders? Is a morpholog-
cal classiﬁcation possible? Observations make it possible to
etermine the anatomical causes responsible for deformities
nd in particular pes valgus. These biometric notions may
e a complement to radiographic assessment with three-
imensional reconstruction and angle calculations of the
adii of curvature of the talus and the navicular articular sur-
aces. The biometric data are an important component with
eference to earlier studies [6—8], which did not report such
ell-developed variations. There is no classiﬁcation that
atalogs the length of the talus in relation to the calcaneus.
linical incidence
uring the foot’s growth, this new notion of talus and cal-
aneus length as well as talonavicular joint congruence
eﬁnes torque stability. During growth, when the talus is
onger, the talar head is well supported, and it has not been
emonstrated that the proximal side of the navicular bone is
ollowed out because of the reduction in pressure (Fig. 10).
In the adult, a longer talus has its head either resting
n the calcaneonavicular ligament, which through disten-
ion results in pes valgus, or creates hyperpressure resulting
n hollowing the proximal surface of the navicular bone,
hus enlarging the concave reception cavity with an acces-
ory navicular bone, source of a risk of osteoarthritis. The
orque is locked and the talar head is sometimes deformed
y pressure. Questions can be raised as to the extent and
he more or less vertical position of the sustentaculum tali,
rienting toward the unstable form if it is horizontal or
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Figure 10 Sagittal view of the talonavicular joint in a fetus,
which, possibly indicating that the hollowing of the navicular
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[articular surface, is proportional to the mechanical stress of
the talar head.
hyperpressure if it is vertical. The present observations can
be used to deﬁne variability in the rotational stability pro-
ﬁles of the subtalar joint in relation with the rotational
proﬁle of the talocrural joint. This study emphasizes the
presence of individual variations, showing signiﬁcant dif-
ferences playing a functional role of compensation of the
morphologies of the adjacent talocrural, subtalar, and cal-
caneocuboid joint surfaces. Symmetrical radii of curvature
of each reference axis conﬁrm the simple condylar type
(two working axes and two degrees of freedom in the joint)
with an additional complementary potential of joint free-
dom in terms of purely axial rotation limited by the V and Y
ligaments and the morphology of the calcaneocuboid joint
(saddle joint), a true mechanical brake. The talus remains
the cornerstone of the medial arch’s transmission. The
functional repercussions of the radii of curvature, angles,
and lengths of the bony segments require further study;
it would be wise to take these phenomena into consid-
eration in cases of chronic laxity of the talocrural joint
or in the implantation of ankle prostheses. Measurement
methods should be developed with adapted computerized
tools.
The morphology of the posterolateral plantar articular
surface of the talus in relation to the articular surface of the
talar head demonstrates a variable orientation that will be
the subject of later biometric development for the talocal-
caneal and calcaneocuboid joints. These results compared
to previous publications can be used to determine the bases
of a better comprehension of the complex functioning of the
hindfoot’s joints with future possibilities for modeling these
structures. Separating out the pathologies of the hindfoot
with their therapeutic implications requires more precise
morphological analysis of the bone structures and the devel-
opment of high-performance 3D analysis. Conventional AP
[
[S73
nd lateral radiographic measurements are highly question-
ble from a scientiﬁc point of view. Treating pes valgus
equires considering the morphology of the calcaneocuboid
oint. Data on the participation of the muscle and fascia
tructures are totally unknown and excluded in management
f pathological feet.
onclusion
recise biometric measurements have contributed to analy-
is of the functional consequences of the talonavicular joint.
summary is proposed while recognizing its limitations in
hat the biometric data of the other calcaneocuboid joint
omponent have not been considered in this study.
An understanding of the functioning of these joints would
equire integrating all the joints of the kinematic chain.
ver the long term, this study will aid in developing the
otion of individual at-risk morphotypes for particular activ-
ties. The characteristic mode of locomotion of the species
nd its anatomy are complementary: bipedality requires a
omplex osteoarticular system that has perhaps not com-
leted its adaptation.
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